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1.
A GENETIC STUDY OF I NBREEDI NG
IN BERKSHIRE SWINE
I. Introduction
The work presented in this paper is the result of a study
of two distinot inbred families of Berkshire swine which were
later oroseed in varying degrees. The fact that most experiments
of such a nature have been done to a very large extent on smaller
animals like mice, rats, guinea pigs; insects, and on plants,
makes such an experiment as this a very valuable source of com-
parison on the part of the larger domesticated mammals.
Observations as to fertility, size of litters, weight of
pigs in each litter, number farrowed dead and 6ize of the skulls
were made. The present paper deals largely with the size of the
skulls of the different individuals. The other data altho they
are valuable as sources of comparison with the skulls are dis-
cussed only briefly here for the records are rather incomplete.
The skulls are selected as a basis of 3tudy for adult size is
measured better by bones than by weights. Adult 7/eight is more
susceptible to environmental effects than the skeletal dimensions.
II. Historical Survey
A. Inbreeding
There is a common belief among the majority of stockbreeders,
past and present, that inbreeding (mating of brothers and sisters
or of parents with children) has a tendency to decrease size,
vigor and fecundity of the race on which it is practiced, and may
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even result in the production of abnormal individuals. On the
other hand Robert Bakewell and his contemporaries as well as
many successful breeders of the present, employed and are employ-
ing inbreeding in the improvement of livestock. The herd books
and registers of different breeds of livestock reveal this fact.
Looking over the entire literature written on inbreeding,
we find all kinds of results and conclusions which seem very
confusing to the average reader. The results, different as they
are, can be classified into two main groups;
1. Evil effects due to inbreeding.
2. Favorable effects due to inbreeding.
It is one of the objects of this paper to find out under
which of the above categories the present result is identified.
Experiments of Crampe (l) and Ritzema-Bos (2) on rats;
Weismann (3) and Von Guaita (4) on mice are the best examples
showing the evil or adverse effects of inbreeding. All of them
came into the conclusion that consangui nuous mating resulted in
the production of individuals that are susceptible to disease,
diverse kind of abnormalities, diminished fertility, and some-
times a total sterility. They further concluded that the more
closely the individuals are mated and the longer it is continued
the more marked the defects are manifested.
Darwin's (5) conception of inbreeding is shown in these
statements. "That any evil directly follows from the closest in-
breeding has been denied by many persons; but rarely by any
practical breeder, and never so far as I know, by anyone who has
largely bred animals which propagate their kind quickly. Many
physiologists attribute the evil exclusively to the combinations
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and consequent increase of morbid tendencies common to both parents;
and that this is an active cause of mischief there can be no doubt.
Close breeding, on the other hand, often induces sterility and this
indicates something quite distinct from the augmentation of morbid
tendencies common to both parents."
With regards to pigs Darwin (6) further states : "There is
more unanimity among breeders of the evil effects of close in-
breeding than perhaps any other of the large animals. Mr. bright,
an English breeder, crossed the same boar with the daughter, grand-
daughter, great-grand-daughter , and so on for seven generations.
The result was that in many instances the offspring failed to
breed; in others they produced but few that lived; and many of
the latter were idiotic without sense even to suck."
Among the experiments that disprove the belief that in-
breeding is not necessarily harmful are the following:
Castle and others (7) found after fifty- nine generations
of brother and sister mating in Drosophila, that fertility, pro-
ductiveness and vigor did not appear to be below that shown by
the original stock.
Moenkhaus (S) working on Drosophila shows that inbreeding
in itself is not necessarily deleterious. However he found in-
fertility to a varying degree in different pairs whioh he said
can be eliminated through selection although continuing the
breeding in the olosest possible way.
In the light of the above examples it is interesting to
know why at certain times inbreeding is destructive, while at
other times inbreeding is a means of improvement. Jones and East
(9) in summarizing the effect of inbreeding say: "Inbreeding has

but one demonstrable effect on organisms subjected to its action -
the isolation of homozygous types. The diversity of the resulting
types depends directly upon number of heterozygous factors present
in the individuals with which the process is begun; it is likely
therefore, to vary directly with the amount of crossbreeding
experienced by their immediate ancestors. The rapidity of the
isolation of homozygous types is a function of intensity of in-
breeding." Then they Went on to say, "the only injury proceeding
from inbreeding comes from the inheritance received. The consti-
tution of the individuals resulting from a process of inbreeding
depends upon the chance allotment of the characters preexisting
in the stock before inbreeding was commenced. If undesirable
characters are shown after inbreeding, it is only because they
already existed in the stock and were able to persist for genera-
tions under the protection of more favorable characters which
dominated them and kept them from sight. The powerful hand of
natural selection was thus stayed until inbreeding tore aside the
mask and the unfavorable characters were shown up in all their
weakness, to stand or fall on their own merits."
The conclusion of the practical breeder seems to parallel
that of Castle, Moenkhaus, East, and Jones on the fact that in-
breeding is not necessarily harmful or favorable. Gentry (10)
a successful breeder of Berkshire swine says: "Neither inbreeding
nor the reverse will be a success unless matings are made with
animals suited to each other, that is having a fear weaknesses in
common as possible. In my opinion inbreeding as a rule in very
good or very bad. If you intensify the blood of the animals that
are good, you do good, but if they are bad, you go wrong as fast
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or faster than you go right in the other case. I believe there is
little or nothing to fear from kinship of animals mated if they
are suited to be mated together."
B. Crossbreeding
Like inbreeding, there are evidences of good effects as
well as bad effects due to crossbreeding; however, there seems to
be more experiments reported showing favorable effects than those
that show bad. It is another object of this experiment to find
out whether the result obtained by crossing the two inbred Berk-
shire strains will result favorably or otherwise.
Castle (11), Moenkhaus (12), Hyde (13), and Muller (14),
all working on Drosophila found size, fecundity, and general
constitutional vigor increased remarkably due to crossing. They
found this to be particularly true in a cross between strains
which had been inbred previously.
Castle's (15) experiment on a cross between a domestic
guinea pig and a wild cavy, Cavia cutleri, shows that the first
generation hybrid weigh more than that of either parent through-
out life. It further shows that the second generation hybrid
of both were smaller than the first generation hybrids from birth
to maturity.
Wright (16) in his cross between guinea pigs of unrelated
inbred mothers and fathers found the following: "The cross-breds
were distinctly superior to their inbred relatives in nearly
all characters connected with vigor. In spite of the lact that
inbred mothers were small and somewhat deficient in vigor, a
slightly larger percent of cross-breds than of inbreds were
born alive, and a distinctly larger percent of thfcse born alive

were raised. They were somewhat heavier at birth in a giver, size
of litter and gained weight much more rapidly between birth and
weaning. They matured earlier and produced larger litters and
produced them more regularly than the inbreds."
Darwin's (17) conception of crossbreeding is shown in
the following quotation: "The gain in constitutional vigor derived
from an occasional cross between individuals of the same variety,
but belonging to different families, or between distinct varieties,
has not been so largely or so frequently discussed as have the
evil effects of too close interbreeding. But the former point is
the more important of the two, inasmuch as the evidence is more
decisive. The aril results from close interbreeding are difficult
to detect, for they accumulate slowly and differ much in degree
with different species, whilst the good effects which almost in-
variably follow a cross are from the first manifest. It should,
however, be dearly understood that the advantage of close inter-
breeding, as far as the retention of character is concerned, is
indisputable and often outweighs the evil of a slight loss of
constitutional vigor".
Crosses are not at all times followed by favorable results
for there are evidences known where it showed an improvement in
one set of characters, but a destruction in another. This is
especially true when the cross is between different species as
between a mare and a jack. In this cross a mule is produced
which is more hardy and enduring than either parent. It is
longer-lived than the horse, less subject to disease or injury,
and more efficient in the use of food. But on the other hand,
mules are sterile. Detlefsen (18) in a oross between the wild
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Brazilian guinea-pig (Cavia rufescens Lund) and the tame guinea-
pig (Cavia Parcellus Linn) was able to produce a hybrid which ia
larger than either parent but all the males were sterile. The
same sterility was found in one-fourth wild males but among one-
eighth wild males some were found fertile.
There are also cases where crossing does not seem to pro-
duce any stimulating effect. Darwin (l^) in a cross between dif-
ferent flowers on the same plant and different plants belonging to
similar strains found no changed effect in the progeny more than
if they were self fertilized. East and Hayes (20) in a cross be-
tween tobacco of the same variety found no increase in vigor in the
offspring. These and other similar crosses may be explained by
the fact that the crosses took place between individuals of the
same genetic constitution.
III. Materials Used.
A. Original Stock .
In 1907> an experiment to determine the influence of in-
breeding, mating of brother and sister, as compared to line
breeding upon growth and fattening of hogs was started by the
Department of Animal Husbandry, College of Agriculture, University
of Illinois, under the direction of Mr. William Dietrich and was
continued by Mr. W. J, Carmichael.
Various attempts were made at different times to start the
experiment
,
but such difficulties as cholera, scour, contagious
abortion, low degree of vitality, poor feeding, accidents, etcetera,
delayed the project. It was only in the spring of 1S10, that the
experiment was put on a real working basis. At this time six
sows and a boar were purchased from Mr. W. E. Spicer, Bushnell,
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Illinois. They were all from two litters, their dams being litter
mates and were sired by the same boar. Therefore, they were half
sibs. During the fall of the same season, cholera broke out in the
herd and killed the boar. In order to replace this another boar
was purchased from Mr. Spicer. This boar was not of exactly the
same breeding as the one that died, but was out of a litter mate
of the dams of the pigs. This still left all of the Spicer
as half sibs. This group will be designated hereafter as the
Spicer group for which we shall use the symbol, S.
A second group of six sows and a boar, all sibs, was pur-
chased in the fall of 1911 , from Mr. George W. Jessup, Rockville,
Indiana. This group will be called for convenience, the Jessup
group, for which we shall use the symbol, J.
During the winter of 1511-12, one sow from each group
died. This left five sows and one boar in each group with which
the present work was begun.
Pedigrees IA to ID show that the original stock in both
groups are closely related within the groups, but there is no
blood in common to both as far as we can tell, and certainly not
thre e
within the last/ generations.
B. Later Generations.
From the litters of various matings of the original stocks
inter se and otherwise, representative samples of skulls were
saved. The total number of individuals included in this work is
fifty-seven out of which twenty-five are barrows and thirty-two
are sows. Pedigrees IIA to II^E show the degree of relationship
of the boars and sows used in later generations. Table III
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shows all the skulls used classified according to their breeding
classes as shown by their sire and dam. It also shows their age.
IV. Method Used.
The first part of the operation was to inbreed each group,
that is to mate brothers and si6ters or other closely related in-
dividuals within each group. When enough of inbred individuals
of each were raised they were crossed such that Jessup boar
was mated to Spicer sows and Spicer boar was mated to Jessup sows.
The experiment was carried further by making back crosses of the
F^ to either of the parent. The Fi individuals were also mated
inter se.
Fifteen measurements were taken on each skull and mandible.
All measurements were in terms of millimeters and were taken with
calipers or with a compass. As much as possible the calipers were
used for they are slightly more accurate. The measurements taken
were as follows:
A. Skull
1. Length of Skull: from occipital condyle to anterior end
of premaxilla.
2. Width of Skull: zygmotic process of temporal bone of
both sides.
3. Depth of Skull: from the occipital crest to pterigoid
process of palate bone.
^» Length of Snout: from the posterior end of the horizon-
tal part of palate bone to the anterior
end of pr;e maxilla.
5. Width of Snout: At the junction of the maxilla with the
malar bone on both sides.

6. VJidth of forehead: Supraorbital process of both sides.
7. Width of orbital foramen: Widest Inside diagonal.
8. Distance between eyes: Inner walls of the orbital
foramen of both sides.
B. Mandible.
9. Length of mandible: From the posterior portion of the
vertical ramus to the most anter-
ior alveolar border.
10. Width of mandible: Posterior portion of the vertical
ramus of both sides.
11. Depth of mandible*. From the upper portion of the
condyle to the lower portion of
horizontal ramus.
12. Length of horizontal ramus: From the posterior side
of the last molar to the most
anterior alveolar border.
13. Width of horizontal ramus: Taken at the most posterior
mental foramen.
14. Depth of horizontal ramus: From the alveolus of the
last premolar to the lower side of
horizontal ramus.
15. Thickness of horizontal ramus: From the inside to the
outside wall of horizontal ramus
at the most posterior mental foramen.
On account of the differences in age of the individuals
only those that have their basisphenoid and basioccipi tal bones
fused or almost fused were used, because this means that the
skull has stopped growing and has reached the maximum size
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Barrows and Sows Arranged According to
Breeding Classes.
Tap;. No.
Barrow
or Sow Yr.
Age
Mo . Da
.
Si re Dairi
Inbred Spicer.
3 Orig. S 4 - 9-23 Baron Knight l6th Artful Rol 1a QPnrtn X LXUX JJfcJXXe yc-lliX
34 n S 5 - 11 - 14 it It It
65 S 6 - 6-20 11 it Artful Bf?llf» QOth
2 B 1 - 6-0 Artful Duke 41st Artful Belle 102nd
5 B 1 - 6-0 n n n
7 B 1 - 6-0 n n it it
27 S 1 - 7-25 it ft n w
36 B l - 8 - 6 tt ft ft
11 S ? -fa 5 - 13
n n Artful Belle 106th
13 S 2 - 9-17 tt tt it h
28 s 3 - 2-22 tt it tt tt
14 s 2 - 9 - 21 n n Artful Belle 104th
40 s 1 - 11 - 24 tt n
20 B 1 - 4-2^ tt n Artful Belle 105th
21 B 1 - 4-25 ft tt tt n
31 B 2 - 2-21 n n tt tt
39 S 2 - 2-24 tt it tt n
51 s 2 - 8-1 n it tt tt
33 B 2 - 0-17 ft tt Dukes Belle 2nd
52 S 2 - 7-7 Belle 1 s Victor 4t h Artful Belle 106th
53 s 2 - 7-7 tt it n n
55 B Old Stag it 11 it

Table III (Cont'd.)
Barrows and Sows Arranged According; to
Breeding Classes.
Barrow Age
Tag No. or Sow Yr. go. Da. Sire Dam
Fi Mated Inter se.
q 1 c AJU&e s vie lor f in u ni ve r si x y vie cnu
0? q 1
n it
<jm v 61 oi xy »ic fun
An R X ft ti n n n
°7 q 1 _ Oh— <s4 tl 11 ii n
OH-
N II oiuversi xy vie pro.
45 b 1 - n ti college oeile cotn
4} s 1 6 - 6 n n College Belle 29th
44 B 1 - 6 - 6 ti it n 11
46 S 1 - 6 - 6 n 11 H II
47 B 1 - 6 - 6 n 11
n
S 1 - 6 - 6 n ti n n
50 B 1 - 6 - 6 n n n ti
62 B 1 - s - 25 n n College Belle 30th
66 s - - 2S 11 n n 11
Inbred Jessup.
10 Orig. S QJ - 26 Baron Premier 67th Queen Vic 63rd
22 S 4 - 23 n 11
15 S 4 2 - 3 College Victor 2nd Queen Vic 71st
37 S 2 6 - 28 11 it Queen Vic 6Sth
Crossbred Jessup x Spicer.
12 3 1 8* - 9 College Victor 2nd Artful Belle 106th
25 S 2 4 - 5 n 11 11 11
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•
Barrows and Sows Arranged According to
Breedi np Classes.
Tag No
.
or Sow
A cp
Yr. Mo. Da. Sire Dan.
Crossbred Jessup x Spicer.
23 S 2-4-9 College Victor 2nd Artful Belle 102nd
56 S 4 - 1 - 10 " " "
57 S 4 - 1 - 10 " " " n
41 s 3-3 -28 Artful Duke 4lst Queen Vic 6sth
61 s 4 - - 12 " M "
63 s 4 - - 12 " " " "
26 B 2-2-11 " Queen Vic 67th
^5 B 1-5 - 21 College Victor 2nd Double Belle 2 nd
F
1 Back Crossed to Either Parent
29 B 1-7-4 College Victor 2nd University Vic
30 B 1 — 7 — 1 H " "
n
3S B 2 - - 15 " " " "
35 B 2 — — 12 " " "
"
17 B Belle's Victor 4th Artful Belle 106th
IS B 1-4-4" " " n
15 B 1-4-4" " " "
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possible for it.
The age at which fusion takes place varies in different
individuals; however, according to my observation of the materials
on hard, fusion begins to take place at one and one-half years.
See Table IV. For this reason individuals that are about one
and one-half years or over were retained while those very much
below were discarded.
The measurements are divided into two main groups, those
of the sows and those of the barrows. In nearly all cases, the
barrows were found smaller than the sov/s as shown in Table V.
In order to obtain the mean, standard deviation, and coefficient
of variability of the general population, measurements of the
barrows were changed in terms of sows. Each measurement of a
barrow was multiplied by a factor to change it into terms of
sows, and put the whole population on comparable terms. The
factor for any given measur erne nt was average of sows
average of barrows
V. Discussion of Results.
A. Relative Size of Barrows and Sows .
In general it, has been found that the barrows are smaller
than the sows with an average ratio of 1 to 1.0197 • The smallest
ratio occurs in the width of snout where it is 1 to 1.00^2, while
the largest one is in the depth of horizontal ramus where the
ratio is 1 to 1.0542.
B. Mean, Standard Deviation, and
Coefficient of Variability of the General Population.
Table VI shows the mean, standard deviation and coeffi-
cient of variability of the different measurements of the general
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Correlation of the Fusion of Basiocc ipital and
Basi sphenoid Bones to Age.
«ge Not Fused Almost Fused Fused Completely
Fused
Yr. Mo. Barrows Sows Barrows Sows Barrows Sows Barrevs Sows Total
1 2 2 4
1 3 2 1 3
1 6 3 S 7 2 20
1 9 4 1 2 1 g
2 1 1 2
2 3 1 1 2
2 6 3 3 6
2 9 2 1 3
3
3 3 2 2
3 6
3 9 1 1
4 4 4
4 3 1 1
i*. 6 1 1
4 9 1 1
5 o
5 3
5 6
5 9
6 1 1
6 3
6 6 1 l
7 2 14 14 4 5 4 13 64
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population. The standard deviation is more or less proportional
to the mean; that is, the higher the mean, the higher the standard
deviation and the lower the mean the lower the standard deviation.
As to variability, different measurements are more variable
than others, but on the whole it is around seven or eight percent.
The most variable are the depth and thickness of horizontal ramus
with the variability of ten and twelve percent respectively while
the least variable are the width of orbital foramen and length
of snout with a variability of five percent.
The great variability of these skulls may be explained by
the fact they are mixtures of all breeding classes arid as
such they are expected to exhibit widely different dimensions.
C. Measurements of Different Breed-
ing; Classes Compared .
Table VII shews the average of the measurements of the
different breeding classes. In examining the table, the following
can be noted:
1. Length of Skull: The oro33bred Jessup x Spicer or its
reciprocal cross is the longest; in-
bred Spicer, second; F^ back crossed
to either parent, third; inbred
Jessup, fourth; Fx mated inter se, fifth.
2. Width of Skull: The crossbred Jessup x Spicer or its
reciprocal cross is the widest; inbred
Spicer, second; F^ back crossed to
either parent, fourth; Fi mated inter
se, fifth.

3. Depth of Skull: The orcssbred Jeseup x Spicer or its
reciprocal cross is the deepest; inbred
Spicer, second; inbred Jessup third
;
F^ back crossed to either parent, fourth;
Ti mated inter se, fifth.
Length of Snout: The crossbred Jessup x Spicer or its
reciprocal cross ts the longest; inbred
Spicer, second; inbred Jessup, third;
F^ back crossed tc either parent , fourth;
?1 mated inter se, fifth.
5. Width of Snout: The inbred Spicer is the widest; cross-
bred Jessup x Spicer or its reciprocal
cross, second; inbred Jessup, third;
fl back crossed to either parent , fourth;
mated inter se, fifth.
6. Width of Forehead: The crossbred Jessup x Spicer, or its
reciprocal cross is the widest; inbred
Spicer, second; inbred Jessup, third;
?1 back crossed to either parent , fourth;
F\ mated inter se, fifth.
7. Width of Orbital foramen: F]_ back crossed to either part
is the widest; crossbred Jessup x Spicer,
second; inbred Jessup, third; inbred
Spicer, fourth; F^ mated inter se, fifth.
8. Distance between £yes: The crossbred Jessup x Spicer is
the widest; inbred Spicer, second; inbred
Jessup, third; F^ mated inter se, fourth;
Fi back crossed tc either pare r.t ,fifth.
J
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9. Length of Mandible: The crossbred Jessup x Spicer is
•the longest; inbred Spicer, second;
inbred Jessup, third; F^ back crossed
to either parent, fourth; F^ mated
inter se, fifth.
10. Width of Mandible: The crossbred Jessup x Spicer is the
widest; inbred Jessup, second; in-
bred Spicer, third; F^ back crossed
to either parent, fourth; F1 mated
inter se, fifth.
11. Depth of Mandible: The crossbred Jessup x Spicer is the
deepest; inbred Jessup, second; in-
bred Spicer, third; Fi back crossed
to either parent, fourth; F^ mated
inter se, fifth.
12. Length of Horizontal Ramus: The crossbred Jessup x
Spicer is the longest; inbred Spicer,
second; inbred Jessup, third; F]_
back crossed to either parent , fourth;
F^ mated inter se, fifth.
13. Width of Horizontal Ramus: The inbred Spicer is the
7«'idest; crossbred Jessup x Spicer,
second; inbred Jessup, third; Fx
back crossed to either parent , fourth;
Fi mated inter se, fifth.
1^. Depth of Horizontal Ramus: The crossbred Jessup x Spicer
is the deepest; inbred Spicer, second
inbred Jessup, third; F^ back crossed
to either parent, fourth;
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mated inter se, fifth.
15. Thickness of Horizontal Ramus: The inbred Spicer is
the thickest; inbred Jes3up, second;
Fi back crossed to either parent,
third; Crossbred Jessup and Spicer,
fourth; F^ mated inter se, fifth.
Summing up all the measurements, the crossbred Jessup x
Spicer is the largest; the inbred Spicer, second; inbred Jessup,
third; the F^ back crossed to either parent, fourth; the F^_ mated
inter se, fifth.
Out of the fifteen measurements made, the crossbred Jessup
x Spicer is first in eleven and second in four. The inbred Spicer,
the second largest, is first in three measurements, second in nine,
third in two, and fourth in one. The inbred Jessup, the third larg-
est, is second in two, third in eleven, and fourth in two. The
back crossed to either parent, which is next to the smallest, is
first in one, third in two, fourth in eleven, and fifth in one. The
F^ mated intsr se, the smallest of all groups, is fourth in one
and fifth in fourteen measurements.
The sum total of the different measurements is shown in the
following table:
Different Breeding Classes Sum total
Jessup x Spicer 2174.369^ mm.
Inbred Spicer 2134. 9271
Inbred Jessup 2054.3115 "
Fi back crossed to , con „
either parent . ± yyu.±d+±
T 1 mated inter se 1936.0435 w
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D. Average of Genera l Population and
Different Breedings Compared.
Table VIII gives the difference between the average cf the
general population and that of the different lines of breeding.
Whenever the measurement is below the average, minus sign is placed
before it, otherwise it is above the average of the general pop-
ulation.
In examining the table, the following can be noted:
1. The crossbred Jessup x Spicer or its reciprocal cross
and the inbred Spicer are above the average of the general popu-
lation.
2. The crossbred mated inter se, the F^ back crossed to
either parent, and the inbred Jessup are below the average of the
general population.
3. All of the fifteen measurements of the crossbred are
above the average of the general population and that in nearly aLl
cases it excels that of the inbred Spicer.
^. The inbred Spicer has thirteen of the fifteen measure-
ments above the average of the general population.
The inbred Jessup has ten of its measurements below
and five above the average of the general population.
6. The F^ mated to either parent has fourteen measurements
below and one above, while the Fi mated inter se has all its
measurements below.
E. Sterility, Vigor, Size of Litters and
Wei ght of Pigs in the Litter.
Table IX gives the total number of pigs, number farrowed

Table VIII.
Difference of the Skeletal Dimensions of the General
Population and of the Different Breeding Classes.
S x S J x J
T „ OX
S x J
T T
JS x S
O T O T
SJ x JS
1. Length of Skull II.2665 -S.4251 14.994S -7.2004
-19.9567
2. Width of Skull 5.4-190 -0.4716 6.S970 -6.75SI - 9.21S0
3. Depth of Skull 2.6723 . S114 10.456s -5.2467 - 7.7652
4. Length of Snout 10.1914 -I.7SO7 12.4626 -5.4464 -13.2055
% Width of Snout 5.2157 -2.0993 4.3351 -3. loss -7.9298
6. Width of Forehead 3.1347 0.384$ S.0595 -4.4559 -6.9037
7. Width of orbital forarae"ri0.0677 0.5443 0.9594 1.1779 -1.8430
8. Distance between eyes 3.O656 -2.0460 3.2325 -5.010s -4.5099
9- Length of mandible 9.3132 -4.7587 11.5844 -7.7223 -14.6579
10. Width of Mandible 5.7134 6
.
542s 9.4475 -6.SS39 -12.1SS2
11. Depth of Mandible -0.4937 7.0SSS S.0127 -6.9382 - 3.3365
12. Length of H. Ramus 7.4016 -I.9643 10.0S01 -6.9S63 -12.4544
13. Width of H. Ramus 4.3125 -0.6012 4.09S6 -4.6793 - 5.7579
14. Depth of H. Ramus 1.5997 -0.3596 4.667s -1.2943 -4.2291
15. Thickness of H. Ramus 2,6507 -2.os.55 1.5493 -1.S537 -3.52S0
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dead, and the average weight of pigs per litter of different breed-
ing classes. Remarks describing the general vigor and uniformity
of the litter was recorded although this was not done in all cases.
A. Inbred Spicer.
Table IX A shows that there was no sterile mating as a
result of closest inbreeding the Spicer group and in fact there
is a constant large number of pigs per litter averaging to J.lH-
pigs. Besides this, the pigs in each litter as a whole are heavy
with a total average of 5*11 poumds. The remarks describing' the
general health and vigor of the pigs per litter show in most cases
that they are large, strong and even although a case was found
where it says uneven. As to the number of pigs farrowed dead, this
group seems to be especially high for out of seven litters, two
have three pigs farrowed dead and one with three undeveloped. The
average per litter of pigs farrowed dead is one and three-sevenths
which is higher than any other breeding class. Whether or not the
above characters of the Spicer group will show to a greater extent
on further inbreeding is left unsolved in this experiment for it
was not carried on long enough to warrant a conclusion.
B. Inbred Jessup.
Table IX B gives the total number, average weight, the
number of pigs, farrowed dead, etcetera, per litter in the inbred
Jessup group. The number of litters represented is too small,
nevertheless, it gives ar: idea of its capacity to reproduce. Like
the inbred Spicer, this group did not exhibit sterility as a re-
sult of close inbreeding, but considering the number of pigs per
litter with an average of 8; the weight of pig per litter with
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an average of 2. 21 pounds; and the number of piga farrowed dead
with an average of one and one-half, it can be said that as a
group this is not as prolific nor vigorous as the Spicer.
C. Crossbred Jessup x Spjcer.
Table IX C gives the record of the litters resulting from
crossing inbred Jessup and Spicer. The offsprings from such a
cress are decidedly better in almost every respect than those
produced from either of the inbred parents. The number of pigs
farrowed dead is greatly lessened for only one litter showed
but one dead pig at birth, while both of the parents showed from
one to three in almost all litters. The average number of pigs
per litter, although not higher than those from the more prolific
parent (Spicer), yet it is above those from the less prolific
parent (Jessup). The average weight of pig shows an increase over
those from either of the parent, the Spicer with J>.11 pounds,
Jessup with 2.2S pounds, and the crossbred with 3.12 pounds. The
notes wherever they are found all indicate that the pigs in each
litter are as a whole large, strong and uniform.
D. Crossbred Back Crossed to Either Parent .
Table IX D shows the litters produced in mating the
back to the parental forms. In this cross only one litter showed
but one pig farrowed dead, the same as that in the crossbred. There
is, however, an increase in the number of pigs per litter but a
decrease in the average over that of the crossbred.
E. Crossbred Mated Inter se.
Table IX E gives the result in mating the F^ together. Here
there is a marked increase in the number of pigs farrowed dead
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varying from zero to three and with an average of one per litter.
This is higher than that of the crossbred or of the F^ back crossed
but lower than that of either parent. As to the number of pigs in
a litter, there is a slight decrease as compared to the back
orossed to either parent, but higher than the crossbred. The aver-
age weights of the pigs are more variable and weigh less than that
of the Fi on the average. The remarks indicate that the pigs of
this breeding exhibit all grades of vigor from weak to strong. These
tend to show that when individuals are mated inter se they pro-
duce progenies which show all kinds of segregation in which the
parents differ.
The effects of different systems of breeding upon the fer-
tility, vigor, size of litter, and average weight of pigs per litter
can be summarized as follows:
1. Sterility did not appear in any mating in this experi-
ment even in the groups that were closely inbred.
2. The inbred Spicer is characteristically a producer of
many, large, heavy, strong pigs, but there is a relatively large
number farrowed dead per litter.
3. The inbred Jessup produces pigs that are characteristic-
ally few, small, light, and weak, and also there is a relatively
^arge number farrowed dead per litter.
^. The crossbred Jessup x Spicer gives litters that show
a marked decrease in the number of pigs furrowed dead and an in-
crease in the average weight of pigs over that of either parent,
but the number of pigs per litter is slightly increased and excels
that of the weaker parent (Jessup).
5. The F]_ back crossed to either parent shows a slight in-
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Table IX
Number, Weight and Vigor of Piga in a Litter of
Different Breeding.
A. Inbred Spicer
No 8
. repre-
the litter Boars
Farrowed
Sows dead Total
Average
Weight Remarks
2,5,7,27 5 2 7
(pounds)
3.SS
11,13,2S 2 10 1 12 2.25
14 6 7 3 13 No TPCOTfi
20,21,31,35 S 3 3 11 2.55 Pigs uneven
33 2 7 9 2.4.9 Piers atrnnc and etrpn
36
40 3
1
(undeveloped)
7
3.50
03
Pigs
* lg e>
strong
laigC Cl IlCl Qui U
Average 1 3/7 9.14 3.11
B. Inbred Jessup
15 5 1 1 6 1.37 Pigs weak, small
37 6 I 2 10 2.70
Average 4 S 2.2S
c. Crossbred Jessup x Spicer
12,25 6 l 7 3.24 Pigs big
23,56,57 3 6 1 9 3.31 Pigs strong
4.1,61,63 5 5 10 2.77
26 3 7 3.20 Pigs strong
Average 11* S.25 3.13
D. Fi Back Crossed to Either Parent
29, 30,3S I 3 7 2.73
35 3 6 9 2. SI
17, is, 19
52,53,55
5 1 14- 2,4-7 Pigs, weak and
uneven
Avera 1/3 10 2.67
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Table IX. (Con't.)
Number, Weight and Vigor of Pigs ir. a Litter
of Different Breeding.
Mos
. repre-
sented in
the litter
Farrowed Average
Boars Sows dead Total ft'eirnt
[
-
Remarks
(pounds)
E. Fi Mated Inter se .
5S 3 7 1 10 3.00 Pigs fairly
59,60,67 2 6 S 3.24
64 3 5 S 2.95 Pigs strong
4S 5 4 3 9 2.52 Pigs weak
43,44,46
47,49,50 6 4 10 3.20
62,66 4 6 2 10 2.44 Pigs weak
Average 1 9.66 2. S3

crease in the number of pigs farrowed dead, a marked decrease in
the weight of pigs, but an increase in the number per litter as
compared with crossbred.
6. The F]_ mated inter se exhibit a much larger number of
dead pigs per litter varying from zero to three, a decrease in
weight of pig, but an increase in the number of pigs per litter as
compared with F^.
VI. Summary of Results and Conclusions.
The results found in this experiment car. be summarized as
follows:
1. The age at which fusion of the basioccipital and the
basi sphenoid bones varies in different animals but as a rule it
begins to fuse at about one and one-half years.
2. The barrows are on the whole smaller than the sows in
the ratio of 1 to 1,019?.
3. Some of the skull measurements are more variable than
others, but on the average it is around seven or eight percent for
all the measurements taken.
k. In the skull measurements, the crossbred Jeseup x
Spicer is the largest; the inbred Spicer, second; the inbred Jessup,
third; the Fq_ back crossed to either parent, fourth; and the Fi
mated inter se, the smallest.
5. As compared with the average of the general population,
the crossbred Jessup x Spicer and the inbred Spicer are on the
whole above the average, while the F]_ mated inter se, the back
crossed to either parent, and inbred Jessup are below the average.
6. The inbred Spicer as a group besides being large in
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mature size is a producer of large, vigorous, pigs but it has a ten-
dency to have pig; 3 farrowed dead. No sterility is found in this
group in spite of closest inbreeding.
7. The Jessup group as a group besides bein. small in
mature size is a producer of small, weak pigs and like the Spicer
there is a tendency to have many pigs farrowed dead. No sterility
occured in this group as a result of inbreeding.
6. The litters produced by crossing Jessup x Spicer are
as a whole heavier, stronger and more uniform than those from either
parent. The number of pigs per litter excel that of the weaker
parent (Jessup) but not that of the stronger parent (Spicer). All
of these facts seem to be in conformity with the larger adult bone
size of this cross over that of either parent.
9. The F^ back crossed to either parent shows a slight in-
crease in the number of pigs farrowed dead and a marked decrease
in the weight of pigs. There is, however, an increase in the number
of pigs per litter over the F^.
10. The Fi mated inter se shows a marked increase in the
number of pigs farrowed dead, a decrease in the average weight of
pig, but an increase in the number of pigs per litter as compared
with Fx. The pigs vary from weak to strong showing that segrega-
tion has taken place.
11. Strains which were inbred in previous generations as the
Spicer and Jessup show on crossing a general rejuvenation in almost
all characters which in this case are size, weight, vigor, fertility,
etcetera. That this is true ever if the characters in question are
common or uncommon in both strains was proven in this experiment.
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